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LIQUID CRYSTAL VARIABLE DRIVE
VOLTAGE

PRIORITY INFORMATION

This application is a Continuation of U.S. patent applica-
tion Ser. No. 13/110,562, filed on May 18, 2011, titled “Liq-
uid Crystal Variable Drive Voltage,” whose inventors are
David A. Chavez, Michael A. Cheponis, and Mark F. Flynn,
which is hereby incorporated by reference in its entirety as
though fully and completely set forth herein.

TECHNICAL FIELD

This disclosure relates to the field of liquid crystal devices
such as LCD displays, and more particularly to driving liquid
crystals.

DESCRIPTION OF THE RELATED ART

Polarization switches may be utilized in conjunction with a
light source to control how much light is transmitted to the
display at a given time. Specifically, polarization switches
may include liquid crystals (L.Cs) that twist and rotate in
response to a voltage, thereby affecting light transmittance.
Transitioning an LC from a driven voltage state to the relaxed
voltage state may create an optical bounce that may result in
a bounce of the optical characteristics of the LCD device as it
transitions from its black normal or white normal state. FIG.
1A shows typical optical responses (luminance versus time)
for a twisted nematic (TN) polarization switch at 5V and 10V.
The increase in luminance after time zero represents the tran-
sition of the polarization switch (and the L.Cs) from the driven
voltage state to the relaxed voltage state. FIG. 1B is a zoomed
in view of the 5V and 10V optical responses of FIG. 1A. Note
the pronounced optical bounce in the 10V response—the
curve initially begins to rise, drops, then rises again. Such a
bounce may cause a PS to suffer delay (about 1-2 ms), and
may introduce unwanted optical effects. The degraded per-
formance may affect both two-dimensional (2D) and three-
dimensional (3D) displays. The effects of optical bounce may
be more pronounced in 3D displays, which produce frames
that alternate between left and right eye frames.

SUMMARY OF THE DISCLOSURE

Various embodiments described herein relate to techniques
and structures that facilitate a liquid crystal variable drive
voltage. In one embodiment, a voltage may be provided to a
liquid crystal addressable element of a liquid crystal device,
such as a polarization switch. The provided voltage may be at
a driven voltage level. The provided voltage may be reduced
to a relaxed voltage level over a time period greater than 1 ps.
At the relaxed level, the polarization switch may be in a
relaxed state. The voltage reduction may be performed in less
than 20 ms. In one embodiment, pulses of limited duration of
alight source may be provided to the polarization switch. The
voltage reduction may result in a reduced optical bounce of
the liquid crystal device. Such a voltage reduction may also
allow one or more of the pulses of the light source to be shifted
later in time.

In one non-limiting example, the polarization switch may
be a multi-segment polarization switch. The provided voltage
may be independently driven to provide each segment of the
polarization switch with an independent, time-shifted voltage
in relation to the independently driven voltages that are pro-
vided to each other segment. The light source may likewise be
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segmented such that subsidiary pulses of a pulse may be
provided to corresponding segments of the polarization
switch.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present disclosure can be
obtained when the following detailed description is consid-
ered in conjunction with the following drawings.

FIGS. 1A and 1B illustrate typical optical responses for a
twisted nematic polarization switch at 5V and 10V.

FIGS. 2A and 2B illustrate example liquid crystal systems
that may incorporate a variable drive voltage, according to
some embodiments.

FIG. 3 is a block diagram illustrating one embodiment of a
liquid crystal display system that may incorporate a variable
drive voltage.

FIG. 4 illustrates one example of variable drive voltage
circuitry, according to some embodiments.

FIG. 5 is a timing diagram of a section of an L.CD system,
according to some embodiments.

FIG. 6 is a diagram of optical responses of an LCD panel
and polarization switch, according to some embodiments.

FIG. 7A is a timing diagram of a typical optical bounce.

FIG. 7B is a timing diagram showing a reduced optical
bounce, according to some embodiments.

FIG. 8 illustrates example variable drive voltages, accord-
ing to some embodiments.

FIG. 9 is a flowchart diagram illustrating one embodiment
of'a variable drive voltage.

FIG. 10 illustrates another embodiment of a variable drive
voltage, according to some embodiments.

While the disclosure is susceptible to various modifica-
tions and alternative forms, specific embodiments thereof are
shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that the
drawings and detailed description thereto are not intended to
limit the invention to the particular form disclosed, but on the
contrary, the intention is to cover all modifications, equiva-
lents and alternatives falling within the spirit and scope of the
present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION
Terms

The following is a glossary of terms used in the present
application:

This specification includes references to “one embodi-
ment” or “an embodiment.” The appearances of the phrases
“in one embodiment” or “in an embodiment” do not neces-
sarily refer to the same embodiment. Particular features,
structures, or characteristics may be combined in any suitable
manner consistent with this disclosure.

Storage Medium—a storage medium may include any
non-transitory/tangible storage media readable by a com-
puter/processor to provide instructions and/or data to the
computer/processor. For example, a computer readable stor-
age medium may include storage media such as magnetic or
optical media, e.g., disk (fixed or removable), tape,
CD-ROM, or DVD-ROM, CD-R, CD-RW, DVD-R, DVD-
RW, or Blu-Ray. Storage media may further include volatile
or non-volatile memory media such as RAM (e.g. synchro-
nous dynamic RAM (SDRAM), double data rate (DDR,
DDR2, DDR3, etc.) SDRAM, low-power DDR (LPDDR2,
etc.) SDRAM, Rambus DRAM (RDRAM), static RAM
(SRAM), etc.), ROM, Flash memory, non-volatile memory
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(e.g. Flash memory) accessible via a peripheral interface such
as the Universal Serial Bus (USB) interface, etc. Storage
media may include microelectromechanical systems
(MEMS), as well as storage media accessible via a commu-
nication medium such as a network and/or a wireless link.

Carrier Medium—a storage medium as described above, as
well as a physical transmission medium, such as a bus, net-
work, and/or other physical transmission medium that con-
veys signals such as electrical, electromagnetic, or digital
signals.

LC Device—an electro-optical device that uses an L.C
material to manipulate light by the application of a voltage.

LC Light Modulator—an L.C device that manipulates the
intensity of light passing through it. An example of a type of
LC Light Modulator is an LCD, which may be pixelated.

Polarization Switch (PS)—an L.C device that manipulates
the polarization of light passing through it. Note that the PS
does not generally change the intensity of light on its own. It
may typically be accomplished when the PS is used in con-
junction with an analyzer. An analyzer may be a polarizer that
is used to block or pass some predetermined polarization
state. For example, an LCD typically has a polarizer on the
input side and a polarizer on the output side. The output
polarizer is called an analyzer. Eyewear may act as an ana-
lyzer in some embodiments.

PS Segment—a segment of a PS that is independently
controllable.

Pixel—an individually addressable element of an LCD.

LC Cell or LC Layer—the layer of LC material enclosed by
the top and bottom substrates of an L.C device.

LC Mode—the LC design used in an L.C device. The
design may include the specific type of LC material, the
thickness of the cell, the orientation of the alignment direc-
tions, etc. Typical LC modes include TN, VA (vertical align-
ment), IPS (In Plane Switching), etc.

Driven State—the term driven state may refer to the high
voltage state of an L.C (e.g., +/-10V, +/-12 V, etc.). As an
example using a Twisted Nematic (TN) liquid crystal device,
the driven state of the LC may correspond to the position and
orientation of the L.C such that the [.C rotates the polarization
of polarized light entering the liquid crystal device from the
non-driven state in a manner that the polarization of the
incoming light equals the polarization of the outgoing light.

Relaxed State—the term relaxed state may refer to the low
voltage state of an LC (e.g., 0 V). As an example using a TN
liquid crystal device, the relaxed state of the LC may corre-
spond to the position and orientation of the L.C such that the
polarized light entering the L.C rotates the polarization.

Frame Time—the period that contains one driven state and
one relaxed state. The frame time may include two frames
worth of data. For example, in a 3D system that alternates
between left and right eye frames, a frame time may include
one left eye frame and one right eye frame.

Normal White—corresponds to a white optical state at OV.
Thus, normal white corresponds to a normally high lumi-
nance state at 0V where light is transmitted through a polar-
ization switch (and L.Cs). One example of a normal white
polarization switch includes 90° twisted nematic liquid crys-
tals. In context of an embodiment using the polarization
switch and corresponding eyewear, where the two lenses of
the two eyepieces of the eyewear are cross polarized, normal
white means that, at the relaxed state of the PS, the lens that is
at same polarization to the PS at the relaxed state is normally
white (i.e. light passing through the PS is seen through normal
white lens.)

Normal Black—corresponds to a black optical state at OV.
Thus, if no voltage is applied, light may not be transmitted
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through a polarization switch (and LCs). A PS may be used in
both a normal black and normal white mode simultaneously.
For example, in a 3D system that alternates between left and
right eye images, one eye may be the normal black eye and the
other may be the normal white eye. Eyewear (e.g., passive
eyewear or shutter glasses) may be used in conjunction with
such a system. In context of an embodiment using the polar-
ization switch and corresponding eyewear, where the two
lenses ofthe two eyepieces of the eyewear are cross polarized,
normal black means that, at the driven state of the PS, the lens
that is at same polarization to the PS at the driven state is
normally black (i.e. light passing through the PS is seen
through normal black lens.)

Optical Bounce—A temporary increase or decrease in the
optical response of an LC device due to backflow effect in
certain LC configurations. The optical bounce may appear as
an oscillation in the transmission-time curve after an electric
or magnetic field has been removed from an L.C cell. There-
fore, optical bounce may include a delay in reaching the
relaxed state and an unintended optical effect as well. The
optical effect may result in light leakage in the white normal
state and a drop in luminance in the black normal state.

Comprising—this term is open-ended. As used in the
appended claims, this term does not foreclose additional
structure or steps. Consider a claim that recites: “An appara-
tus comprising a liquid crystal display . . . . ” Such a claim
does not foreclose the apparatus from including additional
components (e.g., a voltage source, a light source, etc.).

Configured To—various units, circuits, or other compo-
nents may be described or claimed as “configured to” perform
a task or tasks. In such contexts, “configured to” is used to
connote structure by indicating that the units/circuits/compo-
nents include structure (e.g., circuitry) that performs those
task or tasks during operation. As such, the unit/circuit/com-
ponent can be said to be configured to perform the task even
when the specified unit/circuit/component is not currently
operational (e.g., is not on). The units/circuits/components
used with the “configured to” language include hardware—
for example, circuits, memory storing program instructions
executable to implement the operation, etc. Reciting that a
unit/circuit/component is “configured to” perform one or
more tasks is expressly intended not to invoke 35 U.S.C.
§112, sixth paragraph, for that unit/circuit/component. Addi-
tionally, “configured to” can include generic structure (e.g.,
generic circuitry) that is manipulated by software and/or firm-
ware (e.g., an FPGA or a general-purpose processor execut-
ing software) to operate in manner that is capable of perform-
ing the task(s) at issue.

First, Second, etc.—these terms are used as labels for
nouns that they precede, and do not imply any type of order-
ing (e.g., spatial, temporal, logical, etc.). For example, in a
liquid crystal display system having a light source generating
light pulses, the terms “first” and “second” pulses of a light
source can be used to refer to any two pulses. In other words,
the “first” and “second” pulses are not limited to logical
instances 0 and 1.

Based On—this term is used to describe one or more fac-
tors that affect a determination. This term does not foreclose
additional factors that may affect a determination. That is, a
determination may be solely based on those factors or based,
at least in part, on those factors. Consider the phrase “deter-
mine A based on B” While B may be a factor that affects the
determination of A, such a phrase does not foreclose the
determination of A from also being based on C. In other
instances, A may be determined based solely on B.

FIGS. 2A, 2B, and 3—Exemplary System
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FIGS. 2A and 2B illustrate example liquid crystal display
(LCD) systems that may incorporate a variable drive voltage,
and which may be configured to perform various embodi-
ments described below. As examples of systems that may
incorporate a variable drive voltage, FIG. 2A illustrates an
LCD television as well as shutter glasses. The shutter glasses
may implement a variable drive voltage or may be standard
shutter glasses that may be used with an LCD television that
implements the variable drive voltage. Other systems that
drive twisted-nematic junctions may also incorporate a vari-
able drive voltage, such as an organic light emitting diode
(OLED) system that includes a polarization switch. In one
embodiment, LCD system 200 may include light source 202,
control circuitry 204, LCD panel 206, and a liquid crystal
device, such as polarization switch 208.

In one embodiment, light source 202 may be coupled to
control electronics 204, LCD panel 206, and polarization
switch 208. Light source 202 may receive power and/or con-
trol indications from control circuitry 204. In turn, light
source 202 may provide light to LCD panel 206 and polar-
ization switch 208. Light source 202 may be referred to as a
backlight. In one embodiment, light source 202 may include
a plurality of light emitting diodes (LEDs) that may provide
pulses of light to various components of LCD system 200.
The backlight may, in various embodiments, be segmented.
In one embodiment, the backlight may be segmented into five
independently addressable rows. For instance, light source
202 may be segmented into sections that may extend across
horizontal bands of the display. The LEDs of light source 202
may pulse at different times, which may be optimized for
timing one segment’s pulse separate from other segments.
Further, a segmented light source 202 may include segmented
lightguides that may help minimize row-to-row crosstalk.
Light source 202 may be positioned in LCD system 200
behind LCD panel and polarization switch from the perspec-
tive of the front of LCD system 200 (where the viewer would
be). In one embodiment, the LEDs may be edge LEDs that
provide illumination from both sides of LCD system 200.
Light source 202 may redirect the illumination from the edge
LEDs so that the illumination may be perpendicular to LCD
panel 206 and polarization switch 208. LCD system 200 may
additionally include an enclosure that may include heatsinks
for the LEDs. In that manner, heat produced by the LEDs may
be dissipated and alleviate the effects on other LCD system
200 components, such as polarization switch 208. As
described herein, light source 202 may be shifted, or
extended, in conjunction with the variable drive voltage,
according to some embodiments. In an embodiment in which
the system is shutter glasses, the shutter glasses may not
require any backlight pulsing. As such, an accompanying
LCD as part of such a system may include a backlight capable
of being pulsed, or in some embodiments, it may include a
light source that is incapable of being pulsed (e.g., a CCFL).

In one embodiment, LCD system 200 may include control
circuitry 204. Control circuitry 204 may receive a voltage
from a voltage source (not shown). Control circuitry 204 may,
in turn, provide one or more voltages and/or other indications
to light source 202, LCD panel 206, and/or polarization
switch 208. As an example, control circuitry 204 may provide
a voltage and a backlight enable indication to light source
202, which, in turn, may cause light source 202 to provide a
light pulse to LCD panel 206 and polarization switch 208. In
one embodiment, control circuitry 204 may independently
address different segments of light source 202, LCD panel
206, and polarization switch 208. For example, control cir-
cuitry 204 may provide a voltage and a backlight enable
indication to a backlight driver board (not shown) of light
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source 202. Light source 202 may then provided appropriate
pulsed voltages to each independently addressable segment
of light source 202. In some embodiments, control circuitry
204 may provide a pulsed voltage directly to each segment of
LEDs, without necessarily providing the voltage to a back-
light driver board. The addressed light source 202 segment
may then provide one or more light pulses to LCD panel 206,
and polarization switch 208. Control circuitry 204 may
include circuitry to implement one or more variable drive
voltages to polarization switch 208, according to some
embodiments.

LCD panel 206 may include a plurality of pixels that may
collectively produce images. The plurality of pixels of the LC
panel may be addressed with data that conveys the image to be
displayed. In one embodiment, LCD panel 206 may be
updated from one frame to the next in a progressive scan
manner, and hence updating may not occur all at once. In such
anembodiment, the pixels of LCD panel 206 may be updated,
for example, sequentially by row from top to bottom. As an
example, LCD panel 206 may refresh at a frequency of 120
Hz. For a 120 Hz system, every 8.3 ms the entire panel’s data
may be updated. The transition from one frame to another
may proceed as a progressive scan; the scan may start at the
top row, and then proceed through the rest of the rows. In one
embodiment, the time difference from updating the top row to
updating the bottom row may be approximately 5-6 ms.
Accordingly, the scan time to write frame data to LCD panel
206 may take a large portion of each frame. As a result, the
portion of each frame where the entire display is in the same
state may be minimal. The subsequent frames may be a left
eye frame (image) followed by a right eye frame (or vice
versa) for a 3D display, or may simply be sequential frames
fora 2D display. In one embodiment, backlight and polariza-
tion switch segmenting may be applied to maintain synchro-
nization with the progressive scan data write of LCD panel
206. As described herein, an OLED panel may be used in
LCD system 200 instead of LCD panel 206 and light source
202. The OLED-based system may likewise benefit from the
variable drive techniques described herein. Other imagers,
such as a cathode ray tube (CRT), rear projection, or any other
imagers may also benefit from the variable drive techniques
described herein.

LCD system 200 may include a liquid crystal device, such
as polarization switch 208. Polarization switch 208 may use a
twisted-nematic liquid crystal mode and may include a plu-
rality of distinct individually addressable elements, called
segments. Polarization switch 208 may receive one or more
voltages from control circuitry 204 and may receive a light
pulse from light source 202. As was the case with light source
202, polarization switch 208 may be segmented into horizon-
tal bands. Polarization switch 208 may be used in LCD sys-
tem 200 to simultaneously provide anormal black and normal
white mode, when used in conjunction with the appropriate
eyewear, wherein each eye has the appropriate lens. For
instance, in the context of an embodiment using the polariza-
tion switch and corresponding eyewear, where the two lenses
of the two eyepieces of the eyewear are cross polarized, a
normal white mode may be provided ina 3D LCD system 200
for one eye, while concurrently a normal black mode may be
provided for the other eye. Polarization switch 208 may con-
trol the luminance of LCD system 200. Thus, a normal white
mode may allow full luminance in a low voltage state (e.g.,
0V) of polarization switch 208 while normal black mode may
block all luminance for the corresponding lens of the eyewear.
Conversely, a normal white mode may block all luminance in
a driven voltage state (e.g., +/-12V), while a normal black
mode may allow full luminance for the corresponding lens of
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the eyewear. Accordingly, in a 3D context, one eye may see an
image or frame in a normal white mode while the other eye
sees an image or frame in a normal black mode. In one
embodiment, where the polarization switch is used in com-
bination with the eyewear, a higher voltage in the driven state
may result in a greater drop in luminance in the normal white
state. As a result, higher contrast may be achieved with a high
voltage, suchas +/-12'V, +/-20V, etc. In some embodiments,
polarization switch 208 may be a multi-segment polarization
switch, as described herein.

FIG. 3 is a block diagram illustrating one embodiment of
the LCD system of FIG. 2, which may be configured to
perform various embodiments described below.

In the illustrated embodiment of FIG. 3, LCD system 300
may include voltage source 302, control circuitry 304, liquid
crystal devices, such as a polarization switch 308, shown as
segments of a multi-segment polarization switch, LCD panel
310, and light source 312. Control circuitry 304 may include
drive module 306.

In one embodiment, voltage source 302 may be a power
supply for LCD system 300 or may receive one or more
voltages from an external power supply. Voltage source 302
may output one or more voltages. The one or more voltages
may be provided to control circuitry 304. In some embodi-
ments, voltage source 302 may also provide one or more
voltages directly to LCD panel 310, light source 312, a polar-
ization switch 308, or other components (not shown) of LCD
system 300. The one or more voltages may be provided to
control circuitry 304, and, in turn, to the polarization switch
308, may be a drive voltage. The illustrated embodiment
shows control circuitry 304 and voltage source 302 as sepa-
rate modules, yet, in some embodiments, voltage source 302
may be a subcomponent of control circuitry 304.

In one embodiment, control circuitry 304 may receive the
voltage from voltage source 302 and provide a drive voltage
to the polarization switch 308. The drive voltage provided to
the polarization switch 308 may be provided to a LC addres-
sable element of the polarization switch, or other LC device.
In one embodiment, the drive voltage may be +/-12 V. In
other embodiments, the drive voltage may be +/-10V, or
+/=20V, for example. In some embodiments, the drive volt-
age may maintain an overall DC bias of OV across the L.C over
time. Control circuitry 304 may include drive module 306.
Drive module 306 may include a programmable waveform
generator. In one embodiment, drive module 306 may vary
the drive voltage it provides to the one or more polarization
switches 308 as a function of time. For example, the drive
voltage may include a driven function portion and a relaxed
function portion. The driven function may correspond to the
portion of the drive voltage when transitioning from a low, or
relaxed voltage, to a high, or driven voltage. Similarly, the
relaxed function may correspond to the portion of the drive
voltage when transitioning from a driven voltage to a relaxed
voltage. In one embodiment, the driven function may be a
normal step function while the relaxed function may be one or
more of a number of alternative functions, not equivalent to a
step function. In one embodiment, the relaxed function may
be continuous, i.e., in an analog manner. For instance, the
relaxed function may be a decreasing portion of a Gaussian or
cosine function. In some embodiments, the drive voltage
function(s) may vary from frame to frame. For instance, LC
response time may vary as a function of temperature. Accord-
ingly, control circuitry 304 may include a temperature sensor
that may affect the voltage level and/or shape of the drive
voltage waveform.

Further, in various embodiments, the relaxed function may
rapidly reduce the drive voltage to an intermediate voltage
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before slowly reducing the drive voltage from the intermedi-
ate voltage a relaxed voltage (e.g., OV, corresponding to the
relaxed state). For example, if the driven voltage level is
+/=20V, the relaxed function may rapidly reduce the voltage
to +/-2V and then slowly reduce the voltage to OV. Thus, the
reduction may occur at different rates, for example a first and
second rate, with the second rate being lower than the first
rate. In such embodiments, control circuitry 304 may drive
the polarization switch 308 at full rate, then transition to a
lower intermediate drive voltage in anticipation of the transi-
tion to the relaxed state. The intermediate drive voltage may
be close to the threshold of the relaxed state, yet the one or
more polarization switches may maintain optical properties
consistent with the driven state. Maintaining the optical prop-
erties consistent with the driven state is used herein to mean
that the normal black mode should allow approximately full
luminance and the normal white mode should block approxi-
mately all luminance. The threshold of the relaxed state may
be approximately 1-2V. In one embodiment, the relaxed func-
tion may consist of small decremented step functions that
approximate a continuous waveform.

In one embodiment, the full reduction from the driven
voltage to the relaxed voltage may be sufficiently slow to
reduce the optical bounce, yet fast enough to fit within the
time constraints of LCD panel 310 updating. For example, for
a 120 Hz LCD system, LCD panel 310 may be fully updated
or refreshed every 8.333 ms. Thus, the full voltage transition
may take less than 8.3 ms in such an example (or in other
embodiments, in a time period less than a frame time/period).
For instance, for an 8.3 ms frame time, the full voltage tran-
sition, from driven to relaxed, may take 3.5 ms +/-1 ms. In
other examples (e.g., a 60 Hz or 240 Hz system), panel update
time constraints may be different (e.g., 16.667 ms, 4.166 ms).
Accordingly, the full voltage transition time may be different
as well. In various embodiments, the full voltage transition
make take less than 20 ms, 10 ms, 5 ms, 3 ms, etc., depending
on various timing considerations. In various embodiments,
the full transition from driven state to relaxed state may be
performed over atime period greater than 1 is and less than 20
ms.

The drive voltage applied to the polarization switch 308
may present as a variety of different waveforms and timings.
For example, the waveform could be an arbitrary descending
waveform, a linear descending ramp, or other waveform.
Some factors that may be considered in determining the
waveform and timing may include: contrast level, the pres-
ence of ghosting/crosstalk, balance between left and right eye
performance, and color in bright and dark states. In some
embodiments, the drive voltage swing and offset may be
varied. Further, in some embodiments, the drive voltage may
be a pulse-width modulated (PWM) waveform, as described
herein.

In one embodiment, different drive voltages may be pro-
vided to different segments, of a segmented polarization
switch 308. For instance, as described herein, a polarization
switch 308 may be segmented into five different segments. A
different phase-shifted drive voltage, each of which may have
a function (e.g., cosine) applied to the high-low-voltage tran-
sition, may be provided to each of the segments. As an
example, the provided voltage may be independently driven
to provide each segment with an independent and time-
shifted voltage from the independently driven voltages being
provided to each other segment. In such an embodiment, the
timing of the polarization switch transitions may be synchro-
nized with the timing of the backlight pulses and the data of
the frames.
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In some embodiments, control circuitry 304 may supply
one or more voltages and/or other indications to LCD panel
310 and light source 312, in addition to, the one or more
polarization switches 308. The voltages may be driven in a
different manner than the one or more voltages provided to
polarization switches 308. As an example, control circuitry
304 may provide a voltage, and a power-on indication to LCD
panel 310 and/or light source 312. Control circuitry 304 may
also provide a backlight enable indication to light source 312.
Control circuitry 304 may, in some embodiments, receive an
indication of data writes to LCD panel 310, from LCD panel
310, or from another source (e.g., an external source such as
a set-top box, Ethernet, Wifi, DVD player, Blu-Ray player,
etc.). Control circuitry 304 may include circuitry to synchro-
nize the drive voltage to the one or more polarization switches
and to left and right frame timing. Control circuitry 304 may
further include circuitry to synchronize backlight enable indi-
cations with left and right frame timing. Accordingly, the
variable drive voltage, described herein, may be used in con-
junction with a shifted or extended backlight, to enhance the
benefits of the variable drive voltage. The extended backlight
may be segmented, where each of the subsidiary segments of
the main backlight pulse may be shifted accordingly. In some
embodiments, and not shown in FIG. 3, control circuitry 304
may receive video, manipulate and process the video, and
provide it to the LCD panel 310. Control circuitry 304 may
generate an indication (e.g., Vsync) and data enable indica-
tion. The Vsync indication may be used to synchronize timing
of the polarization switch and backlight segments, among
other components. The data enable indication may indicate
when data is written.

In one embodiment, one or more polarization switches
308, or other liquid crystal device with one or more liquid
crystal addressable elements, may receive the drive voltage
from control circuitry 304 (and drive module 306). As
described above, the drive voltage may have a function
applied to it before reaching polarization switches 308. In
some embodiments, the one or more polarization switches
308 may receive a drive voltage directly from voltage source
302, which may or may not apply a function to the drive
voltage. Polarization switches 308 may be a liquid crystal
device, such as twisted-nematic panel, homogeneous cells,
chiral-homeotropic LC cells, optically compensated birefrin-
gence (OCB) cells, pi-cells, etc. Twisted-nematic panels have
cells which may twist up to a full 90 degrees in response to a
voltage change, to allow varying degrees of light to pass
through.

In various embodiments, LCD system 300 may include
only a single polarization switch. The polarization switch 308
may cover the entire display of LCD system 300. Accord-
ingly, the single polarization switch 308 may change the
polarization state of the light emitted by the display. For a 3D
display, this may correspond to two different states: one
polarization state that is passed by the right eye polarizer and
blocked by the left eye polarizer and another polarization
state that is passed by the left eye polarizer and blocked by the
right eye polarizer. The polarization switch 308 may be seg-
mented, for example, into horizontal sections, similar to the
backlight segmenting described herein. Accordingly, by seg-
menting the polarization switch into horizontal sections, the
correct polarization state may be achieved for corresponding
data on LCD panel 310 at a given time. As one example, the
polarization switch 308 may be divided into five horizontal
sections of equal size. The various segments of polarization
switch 308 may be synchronized or timed according to the
progressive-scan-based panel write times. In one embodi-
ment, a polarization switch 308 may switch states when the
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first row of the segment receives new data (i.e., when LCD
panel 310 begins to write data to that row).

LCD panel 310 may include a plurality of pixels that may
collectively produce images. The plurality of pixels may be
addressed with data that may reflect the image to be display.
As discussed herein, LCD panel 310 may be updated from
one frame to the next in a progressive scan manner and may
not occur all at once. In such an embodiment, the pixels of
LCD panel 310 may be updated, for example, sequentially by
row from top to bottom. As an example, LCD panel 310 may
refresh at a frequency of 120 Hz. For a 120 Hz system, every
8.3 ms the entire panel’s data may be updated. In one embodi-
ment, the time to update the entire panel, from the top row to
the bottom row, may be approximately 5-6 ms. Accordingly,
the scan time to write frame data to LCD panel 310 may take
a significant time percentage of each frame and the portion of
each frame where the entire display is in the same state may
likewise be minimal. In one embodiment, backlight and
polarization switch segmenting timing and/or segmenting
may be applied to maintain synchronization with the progres-
sive scan data write of LCD panel 310.

In one embodiment, LCD system 300 may include a light
source 312. Light source 312 may provide an instance (e.g., a
pulse) of the light source to the polarization switch 308. Light
source 312 may be a backlight, such as incandescent light
bulbs, fluorescent lamps, or one or more light emitting diodes
(LEDs). Light source 312 may include one or more white
backlights or different colored backlights (e.g., RGB LEDs).
Light source 312 may be positioned in LCD system 300
behind LCD panel 310 and polarization switch 308 from the
perspective of the front of LCD system 300 (where the viewer
would be). In one embodiment, the LEDs may be edge LEDs
that provide illumination from both sides of LCD system 300.
Light source 312 may include a manner in which to redirect
the illumination from the edge LEDs so that the illumination
may be perpendicular to LCD panel 310 and polarization
switch 308.

In some embodiments, light source 312 may pulse twice
per frame time (i.e., once for a left eye frame and once for a
right eye frame), with each pulse being a pulse of limited
duration. For example, starting with a driven state, a first
pulse of light source 312 may occur after the drive voltage
reduction from the driven state begins. Specifically, in one
example, the first pulse may take place during the voltage
transition from the driven state to the relaxed state. A second
pulse of light source 312 may occur during the relaxed state
(i.e., before the drive voltage transitions back to the driven
state). In other words, a pulse of the light source, or backlight
enable, may be shifted to a later time for the period when the
polarization switch drive voltage has a function applied dur-
ing the high to low voltage transition. In some embodiments,
both pulses of a light source in a frame time may be shifted
later in time. When both pulses of a light source are shifted
later in time, however, the shifted amount may be different for
each pulse. For example, the pulse of light source that may
occur during the driven-to-relaxed state transition may be
shifted 2 ms later in time while the second pulse of a light
source in a frame time may be shifted 1 ms later. Therefore,
the pulses from light source 312 may not be spaced equally
apart from one frame time to the next. An example of unequal
spacing between light pulses can be seen below in FIG. 7B. In
one embodiment, the backlight may be extended in terms of
pulse duration. For example, one pulse of light source 312
may begin before the drive voltage transitions from the driven
to the relaxed state but may complete after the voltage tran-
sition is complete. Thus, elaborating on the example, if a light
pulse is typically 2 ms, then extending the light pulse may



US 9,134,556 B2

11

increase its duration to 3 ms. Extending or shifting the back-
light may enable more of the data of LCD panel 310 to be in
a steady, same state for a frame and a polarization switch 308
to be in an appropriate state when the backlight is enabled.
When used in conjunction with the variable drive voltage, in
which optical bounce may be minimized, shifting the back-
light into the minimal optical bounce period may produce
only a minimal amount of light leakage in the normal white
state and a minimal drop in luminance for the normal black
state. In some embodiments, the time difference between the
start of the first pulse of limited duration and the start of the
second pulse of limited duration in a frame may be less than
the time difference from the start of the voltage reduction to
the start of the voltage return to the driven level.

Light source 312 may, in various embodiments, be seg-
mented. In one embodiment, the backlight may be segmented
into five independently addressable rows. For instance, light
source 312 may be segmented into sections that may extend
across horizontal bands of the display. The LEDs of light
source 202 may pulse at different times, which may be opti-
mized for timing one segment’s pulse separate from other
segments. Further, a segmented light source 202 may include
segmented lightguides that may help minimize row-to-row
crosstalk. As described herein, the backlight may be shifted
later in time. Light contamination may extend into the optical
bounce area but may not have significant effects in terms of
light leakage and luminance drops in normal white and nor-
mal black modes, respectively.

FIGS. 5 and 6 illustrate examples of timing and optical
response according to the LCD system of FIGS. 2-3. F1G. 5 is
one example of a timing diagram of a section of an LCD
system, according to some embodiments. For example, FIG.
5 may be the timing for segment 2 of a segmented polarization
switch. For ease of explanation, the backlight is not shown
segmented but may be segmented in some embodiments.
FIG. 5 shows the 1st row and last row ofthe LCD panel being
written. The segment as active for the left eye frame at a time
between the two panel writes. Active may correspond to 0 V
for a normal white mode or a driven voltage (e.g., +/-12V) for
a normal black mode. In addition, the LED pulse is near the
end of the active segment state to allow more LCs to settle.
FIG. 6 is a diagram of optical responses of an LCD panel and
polarization switch, according to some embodiments. The top
3 portions of FIG. 6 correspond to the optical response of the
LCD at different rows of a section of the LCD. Note the slight
phase shift in the data write from first row to last row. This
corresponds to the progressive scan data write. In the bottom
two figures, the optical response of the polarization switch, as
viewed through right and left eyewear is shown. The optical
responses demonstrate a reduced area of cross-talk, which
may result from the variable drive voltage techniques
described herein. Note that the shapes of the waveforms in
FIG. 5 may not be an accurate representation of the actual
waveforms used in various embodiments.

Turning back to FIG. 3, one or more components of LCD
display 300 may, in some embodiments, be implemented by a
computer-readable storage medium, memory, or some other
component. A computer-readable storage medium may be
one embodiment of an article of manufacture that stores
instructions that are executable by a processor. As an
example, a computer-readable storage medium can be used to
store instructions read by a program and used, directly or
indirectly, to fabricate hardware for control circuitry 304,
described above. For example, the instructions may outline
one or more data structures describing a behavioral-level or
register-transfer level (RTL) description of the hardware
functionality in a high level design language (HDL) such as
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Verilog or VHDL. The description may be read by a synthesis
tool, which may synthesize the description to produce a
netlist. The netlist may include a set of gates (e.g., defined in
a synthesis library), which represent the functionality of con-
trol circuitry 304. The netlist may then be placed and routed to
produce a data set describing geometric shapes to be applied
to masks. The masks may then be used in various semicon-
ductor fabrication steps to produce a semiconductor circuit or
circuits corresponding to control circuitry 304.

In some embodiments, LCD system 300 may not include
LCD panel 310 or light source 312. Instead, LCD system may
include an organic light emitting diode (OLED) panel. In an
OLED-based LLCD system 300, all rows of the panel may be
written simultaneously (i.e., not in a progressive scan man-
ner). In such an embodiment, segmenting may not be used.
Instead of using a backlight, control circuitry 304 may pulse
the OLED panel itself. Further, the variable drive voltage of
control circuitry 304 may be used with the OLED-based LCD
system 300, in a similar manner, which may reduce the opti-
cal bounce and therefore maximize the amount of steady state
time of the display, among other benefits.

Using a variable drive voltage may increase frame utiliza-
tion by reducing optical bounce and accelerating the transi-
tion between the driven and relaxed states. This may be valu-
able in minimizing cross-talk (ghosting) in 3D displays by
increasing the duration of steady state time in the optical
response of the polarization switch. In addition, by accom-
modating a higher drive voltage, a brighter, higher contrast
3D display may be achieved. Further, by shifting the back-
light enable later in time, the LCD pixels may further stabilize
before the backlight is applied, which may also reduce the
ghosting effect. Segmenting the backlight may further
enhance the benefits of the variable drive voltage. This may
minimize the momentary reduction the amount of light trans-
mitted (on the order of nits) in the polarization switch normal
black state. It may also minimize light leakage in the normal
white state, in what should be a no or low luminance state.
FIG. 4—FExemplary Drive Voltage Module

FIG. 4 illustrates an example of a drive module, according
to some embodiments. The example implementation of drive
module 306 in FIG. 4 illustrates a polarization switch that is
segmented into five different segments. The isolated power
supply may receive an input voltage, which may be an AC or
DC input voltage. The input voltage may be from a power
supply for the entire LCD system or from another source.
Isolated power supply may output a positive and negative
voltage as well as an isolated ground. The isolated ground
may be a common ground for the segments. The positive and
negative voltages may be processed by an analog regulator
before being provided to a voltage reference. This may pro-
vide a clean voltage to voltage reference such that down-
stream circuitry may receive a clean voltage as well. Voltage
reference may output one or more voltages that may be pro-
vided to one or more variable gain amplifiers and, in turn,
provided to one or more A/D converters. In the embodiment
shown, voltage reference may output five voltages (one for
each of the five segments in this example), each of which may
be provided to a different variable gain amplifier and a dif-
ferent A/D converter.

In the embodiment shown, a system clock may be provided
to a field-programmable gate array (FPGA). For example, a
32 MHz system clock may be provided to the FPGA to drive
discrete values to the one or more A/D converters. The FPGA
may include a function, such as a cosine or Gaussian among
other functions, embedded in the FPGA table. Discrete values
from the table may be taken over time, which may produce the
function. In one embodiment, voltage increments may be
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based on a 25V swing over 2'° bits. The FPGA may output a
plurality of digital commands (e.g., clocked serial data, and
enable) to each ofthe A/D converters. The clocked serial data
and enable digital commands may be common between the
various A/D converters or may be unique commands for each
A/D converter. In other words, the FPGA may output five
clocked serial data digital commands and five enable com-
mands, with one serial data command and one enable com-
mand being provided to each A/D converter. In one embodi-
ment, FPGA may provide a common clocked serial data
digital command to the A/D converters and a separate enable
digital command for each A/D converter. The enable com-
mands may be staggered in accordance with the polarization
switch segmentation scheme, described herein. For example,
the voltage transitions of one segment may occur at different
times than the voltage transitions of the other segments.
Accordingly, the enable indications may likewise occur at
different times. FPGA may also provide a clock to the A/D
converters. In the illustrated example, the clock may be a 16
MHz clock.

Each A/D converter may receive the digital commands and
the clock from the FPGA as well as the reference voltage,
shown here at 12.5V. In one embodiment, the A/D converters
may be 18-bit high precision A/D converters. Each A/D con-
verter may convert the input analog voltage into a discrete
representation of that voltage. The discrete representation of
the voltage may then be provided to a high-precision buffer
(e.g., 18 bit) and a hi-power amplifier and, ultimately, to one
of the segments of the polarization switch. The illustrated
example shows a single polarization switch segmented into
five segments. Each segment may receive a separate drive
voltage, which may be phase shifted compared to the drive
voltages of the other segments. The signals in the illustrated
example are bipolar signals that may allow arbitrary positive
and negative waveforms. The illustrated example is also high
speed meaning greater than 888 KHz per segment.

FIGS. 5 and 6—Timing and Optical Response of Example
LCD System

FIGS. 5 and 6 illustrate examples of timing and optical
response according to the LCD system. FIGS. 5 and 6 are
described in further detail in connection with the description
of LCD system 300.

FIGS. 7A, 7B, and 8—Timing Diagrams

FIG.7A is a timing diagram of a typical optical bounce that
does not use a variable drive voltage while FIG. 7B is a timing
diagram showing a reduced optical bounce, according to
some embodiments.

The following table includes example values for the vari-
ous times and other values in the two figures:

Sms+/-.5
-2 ms
10% norm +/— 2%

ty,=2ms
t,,=6ms+/-2
tye=3.5ms+/-1

tye=15ms+-.5
t,=15ms+/-.5
b, = 4% norm

FIG. 7A illustrates a drive voltage according to a step
function and corresponding transmittance-time curves. As
shown, the step function applies to both transitions, driven to
relaxed state and relaxed to drive state. In one embodiment,
for example for a3D LCD system, one portion of a frame may
produce an image for one eye and the next portion of a frame
may produce an image for the other eye. In the figures, the
normal black PS response may correspond to the luminance
for one eye and the normal white PS response may correspond
to the luminance for the other eye. When the voltage is driven
to the driven state, the luminance for the normal black eye
may be high while the luminance for the normal white eye
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may be low. The opposite is true for a low voltage; the lumi-
nance for the normal white eye is high and the luminance for
the normal black eye is low. Note the slow change in optical
response when the voltage transitions abruptly from the high
voltage state to the low voltage state. In addition, note the
optical bounce in both PS responses. The bounce occurs in
FIG. 7A at a time t, approximately 1 ms after the voltage
transition. The bounce represents dead time that adds delay to
the system and negatively affects optical properties of the
display (e.g., leakage in a black state or drops in luminance in
a white state). The leakage in luminance in the normal white
mode when it is supposed to be black may be very noticeable
to aviewer of the display. In this example, b, is approximately
10% of peak normal white luminance, at a time when the
normal white mode should be near 0% luminance. The drop in
luminance in the normal black mode may not be as significant
to aviewer but is still shown in FIG. 7A. Further, the backlight
enable in FIG. 7A is a 1-2 ms pulse, represented by t,,. The
pulses from frame time to frame time are approximately
equally spaced apart, about 8.3 ms apart for a 120 Hz display,
which corresponds to the frame time of the display. The first
and third pulses (and subsequent odd pulses) in the example
correspond to frames for the normal black eye and the second
pulse (and subsequent even pulses) correspond to frames for
the normal white eye. The pulses may occur a short period
before each transition from driven to relaxed state, and a short
period before each transition from relaxed to driven state.

FIG. 7B illustrates a drive voltage and corresponding trans-
mittance-time curves, with a continuous function applied to
the driven to relaxed state portion of the drive voltage. In the
illustration, the continuous function is a 3.5 ms wide cosine
function with a zero point 0.5 ms beyond the relaxed step
function (of FIG. 7A) zero point. The optical bounce in FIG.
7B represents only a bounce of 4% (b,,,) of the peak normal
white luminance—a more than double reduction over FIG.
7A. This may increase the steady state of the PS responses as
compared to FIG. 7A. By reducing the optical bounce, the
backlight enable may be shifted into the optical bounce
period. In other words, the luminance may be sufficiently low
such that some of the time within that period may actually be
reclaimed, in some embodiments, by allowing some back-
light pulsing in this period of time. By shifting the backlight
enable into what was the optical bounce period, the LCs may
be more stabilized at the time the backlight is enabled. As a
result, greater image quality (e.g., reduced ghosting/
crosstalk, increased contrast, etc.) may be achieved. The
results may be further enhanced by segmenting the one or
more polarization switches and backlight, as described
herein. In the case where the backlight is segmented, subsid-
iary pulses of the main backlight pulse may extend into the
optical bounce period resulting in an even lesser amount of
light leakage. In the example shown, the backlight enable is
shifted approximately 1.5 ms later in time in FIG. 7B.

FIG. 8 illustrates various example drive voltage curves,
according to embodiments. For example, the top curve illus-
trates a drive voltage curve with the transition from driven to
relaxed state performed according to a cosine function. The
middle curve illustrates a driven to relaxed state transition
according to a Gaussian function while the bottom curve
illustrates a curve according to a first rate and a second rate,
with the first rate being a more rapid voltage drop than the
second rate. The indicated intermediate voltage may be the
transition point between the first rate and the second rate. The
polarization switch may maintain an optical property of the
driven state at the intermediate voltage.

FIG. 9—Driving a Voltage of a Polarization Switch
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FIG. 9 illustrates a method 900 for driving a voltage of a
polarization switch 308. The method shown in FIG. 9 may be
used in conjunction with any of the systems or devices shown
in the above figures, among other devices. In various embodi-
ments, some of the method elements shown may be per-
formed concurrently, in a different order than shown, or may
be omitted. In some embodiments, method 900 may include
additional (or fewer) blocks than shown. For example, in
some embodiments, only blocks 902 and 904 may be used
while in others, all illustrated blocks may be used. As shown,
method 900 may operate as follows.

At 902, a voltage may be provided to a liquid crystal
addressable element of a liquid crystal device, such as a
polarization switch, to a driven voltage level. The driven
voltage level may represent a driven state. For example, the
provided voltage may be +/-12 V. In one embodiment, the
voltage may be provided by voltage source 302 directly to
polarization switch 308. In one embodiment, the voltage may
be generated by voltage source 302, modified or passed on by
control circuitry 304 and/or drive module 306, and then pro-
vided to the liquid crystal element of the liquid crystal device,
such as polarization switch 308. The portion of the drive
voltage that drives polarization switch 308 to the driven state
may be performed according to a step function. Polarization
switch 308 may be a liquid crystal cell device, such as a
twisted-nematic device that may include one or more liquid
crystal addressable elements. The liquid crystal addressable
elements are defined herein as regions of an LC device that
can be independently controlled (e.g., electronically). For an
LCD, the liquid crystal addressable element may be a pixel,
and for a multi-segment polarization switch, the liquid crystal
addressable element may be a segment. For a multi-segment
polarization switch, the provided voltage may be indepen-
dently driven to provide each segment with an independent
and time-shifted voltage. In some embodiments, the L.C
device may use a TN L.C mode.

At 904, the provided voltage may be reduced to a relaxed
level (e.g., 0 V) over a period of time greater than 1 ps. A
voltage reduction approximately equivalent to a step function
would take less than 1 ps and other functions taking less than
1 pus may be seen by the LC device as equivalent to a step
function. In some embodiments, the full reduction from
driven to relaxed level may take less than 20 ms. For example,
the transition for a 120 Hz LCD system may take approxi-
mately 3.5 ms. In various embodiments, drive module 306
may apply a relaxed function to the drive voltage it provides
to polarization switch 308. The relaxed function may be a
continuous function, such as the decreasing portion of a
cosine or Gaussian. The relaxed function may cause the volt-
age to decrease as a function of time until reaching the relaxed
state. In some embodiments, the provided voltage function
may be a PWM waveform function. In some embodiments the
relaxed function over time may include a voltage rise, pro-
vided the total relaxed voltage function occurs within the
window of 20 us to 20 ms.

At 906, after the voltage reduction begins, a light pulse of
limited duration may be provided to the LC device, such as
polarization switch 308 and/or LCD panel 310. In one
embodiment, the pulse of light source 312 may be a pulsed
backlight that may be enabled during a continuous transition
from the driven state to the relaxed state. In some embodi-
ments, the pulse of light source 312 during this transition may
be extended such that the pulse extends later into a period
where the cells may be more stable. In other words, the pulse
oflight source 312 may extend into the time period coincident
with the optical bounce period. Light source 312 may be
segmented to extend into the optical bounce period. For a next
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frame, the voltage provided to the polarization switch may be
returned to a driven state. Before the voltage is returned to the
driven state, another pulse of limited duration of light source
312 may be enabled and provided to polarization switch 308.
The time difference between the start of the first pulse of
limited duration in a frame and the second pulse of limited
duration may be less than the time difference from the start of
the voltage reduction to the start of the voltage return to the
driven level. The pulse of light source 312 during the driven
state may correspond to a portion of a frame for one eye (in a
3D display) and the second pulse, during the relaxed state,
may correspond to a second portion of a frame for the other
eye. Or, they may correspond to subsequent frames in a 2D
display. In general the light pulses may be approximately
equally spaced apart. By shifting the first pulse of the light
source into the time period coincident with the optical bounce
period, it allows the second pulse to be shifted as well. As
shown in FIGS. 7A-7B, the response of the relaxed state may
take a long time to stabilize, therefore shifting the light pulse
later into the relaxed state period allows for more stable L.Cs
before the light is applied to them. As a result, cross-talk may
be reduced. In one embodiment, the timing and duration of
light pulses may vary depending on the drive function’s
waveform and timing. One embodiment may include apply-
ing a different portion (e.g., increasing portion) of the same
waveform to the driven state.

In a system that uses a segmented polarization switch, the
method of 900 may be used for each segment of the polariza-
tion switch. This may create a phase-shifted variable drive
voltage for the various segments of the polarization switch
and enable the polarization switch segments to be synchro-
nized with data writing of the panel. Likewise, the pulse of
limited duration may be divided into a plurality of subsidiary
pulses that may be provided to corresponding segments of the
polarization switch.

The method of FIG. 9 could also be applied in situations
other than an LCD system. For example, method 900 may
apply equally as well to an OLED-based system. An OLED-
based system may not require a separate light source or and
LCD panel. Instead, the OLED panel may be pulsed itself,
that is, the duty cycle of on-pixels to off-pixels may be short.
In any event, an OLED-based system may benefit from the
disclosed variable drive voltage techniques. Further, the
method may apply to more than just polarization switches,
such as other applications using a TN device. For example,
method 900 could be applied to shutter glasses. For example,
shutter glasses may be used as a switch, in which case, the
disclosed techniques may offer similar benefits to those
gained by a polarization switch. Each eyepiece of the shutter
glasses may be an LC shutter, which may have similar time
constraints to the LCD system.

The above blocks of method 900 may be initiated by a
processor, processors, a CPU, a memory, a computer-read-
able storage medium, other hardware, or any combination
thereof.

By transitioning the voltage of polarization switches from
a driven state to a relaxed state in a continuous, analog way,
optical bounce may be minimized. Further, delay as aresult of
the voltage transition may also be minimized and therefore
allow a longer steady state period for the L.Cs. This may
provide additional time for LCD pixels to stabilize before the
light source is enabled. This may reduce ghosting and may
reduce the amount of light that may be transmitted in an
off-state due to any remaining optical bounce.

FIG. 10 illustrates an alternate embodiment of a variable
drive voltage. The top waveform shows an analog voltage that
may be applied to a liquid crystal device, such as a polariza-
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tion switch. The waveform may be a direct representation of
how the polarization switch is excited (driven).

The bottom waveform is the PWM equivalent of the top
waveform. PWM is a completely digital technique that varies
the pulse width to correspond to a particular RMS voltage.
Note that on the left side, the PWM waveform is mostly
“high”, representing a higher RMS voltage. In the 2nd part
and the 4th part of the waveform (the flat part) note that the
PWM duty cycle is 50% —that part of the waveform repre-
sents halfthe maximum voltage. Finally, in the 3rd part of the
waveform, note that the pulses are narrow, which represents
lower RMS voltages.

In one implementation, the PWM signal may be low-pass
filtered to better approximate the target waveform. A low-
pass filter may be implemented by utilizing the R-C charac-
teristics of the polarization switch itself, which may allow the
polarization switch to be directly driven from an entirely
digital source.

Although the embodiments above have been described in
considerable detail, numerous variations and modifications
will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the follow-
ing claims be interpreted to embrace all such variations and
modifications.

We claim:

1. A method for operating a multi-segment polarization
switch, comprising:

when the multi-segment polarization switch is at a relaxed

voltage,

providing to each segment of the multi-segment polar-
ization switch a drive voltage function independent
and time-shifted from a drive voltage function being
provided to each other segment, wherein for each
segment, the drive voltage function is a discontinuous
function that drives the segment from the relaxed
voltage to a driven voltage; and

when the multi-segment polarization switch is at the driven

voltage,

providing to each segment of the multi-segment polar-
ization switch a relax voltage function independent
and time-shifted from a relax voltage function being
provided to each other segment, wherein for each
segment, the relax voltage function is a continuous
function that drives the segment from the driven volt-
age to the relaxed voltage by reducing provided volt-
age in a continuous manner that results in a reduced
optical bounce of the segment.

2. The method of claim 1, wherein the discontinuous func-
tion is a step function.

3. The method of claim 1, wherein the continuous function
is a decreasing portion of a Gaussian or cosine function.

4. The method of claim 1, wherein the drive voltage func-
tion and the relax voltage function are varied from frame to
frame.

5. The method of claim 1, further comprising:

when the multi-segment polarization switch is at a relaxed

voltage,

providing light to the multi-segment polarization switch
via a first light pulse during a transition from the
relaxed voltage to the driven voltage; and

when the multi-segment polarization switch is at a drive

voltage,

providing light to the multi-segment polarization switch
via a second light pulse during a transition from the
driven voltage to the relaxed voltage.

15

20

25

40

45

50

55

18

6. The method of claim 5, wherein each pulse results in a
plurality of subsidiary pulses that are provided to correspond-
ing segments of the multi-segment polarization switch.

7. The method of claim 1, wherein the multi-segment
polarization switch uses a twisted-nematic (TN) liquid crystal
mode.

8. A system comprising:

a liquid crystal (LC) display, wherein the L.C display com-

prises a multi-segmented polarization switch; and

a voltage source configured to:

when the multi-segment polarization switch is at a

relaxed voltage,

apply to each segment of the multi-segment polariza-
tion switch a drive voltage function independent
and time-shifted from a drive voltage function
being applied to each other segment, wherein for
each segment, the drive voltage function is a dis-
continuous function that drives the segment from
the relaxed voltage to a driven voltage; and

when the multi-segment polarization switch is at the

driven voltage,

apply to each segment of the multi-segment polariza-
tion switch a relax voltage function independent
and time-shifted from a relax voltage function
being applied to each other segment, wherein for
each segment, the relax voltage function is a con-
tinuous function that drives the segment from the
driven voltage to the relaxed voltage by reducing
provided voltage in a continuous manner that
results in a reduced optical bounce of the segment.

9. The system of claim 8, wherein the discontinuous func-
tion is a step function.

10. The system of claim 8, wherein the continuous function
is a decreasing portion of a Gaussian or cosine function.

11. The system of claim 8, wherein the voltage source is
further configured to vary the drive voltage function and the
relax voltage function from frame to frame.

12. The system of claim 8, further comprising a light source
configured to provide light to the multi-segment polarization
switch, wherein the light source is a backlight that is config-
ured to:

when the multi-segment polarization switch is at a relaxed

voltage,

provide light to the multi-segment polarization switch
via a first light pulse during a transition from the
relaxed voltage to the driven voltage; and

when the multi-segment polarization switch is at a drive

voltage,

provide light to the multi-segment polarization switch
via a second light pulse during a transition from the
driven voltage to the relaxed voltage.

13. The system of claim 12, wherein the light source is a
segmented backlight, wherein each pulse of the light source
results in a plurality of subsidiary pulses that are provided to
corresponding segments of the multi-segment polarization
switch.

14. The system of claim 8, wherein the multi-segment
polarization switch uses a twisted-nematic (TN) liquid crystal
mode.

15. A non-transitory computer readable memory medium
storing program instructions executable by a processor to:

when a multi-segment polarization switch is at a relaxed

voltage,

apply to each segment of the multi-segment polarization
switch a drive voltage function independent and time-
shifted from a drive voltage function being applied to
each other segment, wherein for each segment, the
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drive voltage function is a discontinuous function that configured to vary the drive voltage function and the relax
drives the segment from the relaxed voltage to a voltage function from frame to frame.
driven voltage; and 19. The non-transitory computer readable memory
when the multi-segment polarization switch is atthe driven =~ medium of claim 15, wherein the program instructions are
voltage, 5 further executable by a processor to:
apply to each segment of the multi-segment polarization when the multi-segment polarization switch is at a relaxed
switch a relax voltage function independent and time- voltage,

provide light to the multi-segment polarization switch

shifted from a relax voltage function being applied to ' . ! '
via a first light pulse from a light source during a

each other segment, wherein for each segment, the

relax voltage function is a continuous function that 10 transition from the relaxed voltage to the driven volt-
drives the segment from the driven voltage to the age; and . . s .
relaxed voltage by reducing provided voltage in a when the multi-segment polarization switch is at a drive
continuous manner that results in a reduced optical Voltage, . . . .
bounce of the segment. provide light to the multi-segment polarization switch
16. The non-transitory computer readable memory 15 via a second light pulse from the light source during a
medium of claim 15, wherein the discontinuous function is a transition from the driven voltage to the relaxed volt-
age.

step function.

17. The non-transitory computer readable memory
medium of claim 15, wherein the continuous function is a
decreasing portion of a Gaussian or cosine function.

18. The non-transitory computer readable memory
medium of claim 15, wherein the voltage source is further L

20. The non-transitory computer readable memory

medium of claim 19, wherein each pulse results in a plurality

20 of subsidiary pulses that are provided to corresponding seg-
ments of the multi-segment polarization switch.



